This article provides an update on abusive head trauma (AHT), focusing on new developments most salient to the emergency medicine clinician, including epidemiology, clinical recognition, diagnostic work-up, management of neurologic injury, and public health implications.
INTRODUCTION
Abusive head trauma (AHT) is responsible for a significant majority of serious traumatic brain injuries in children younger than age 2 with high rates of morbidity and mortality [1] [2] [3] . Often these infants and children present to the emergency department (ED), where they may demonstrate a wide range of symptoms, from nonspecific to severe, making accurate and prompt recognition a substantial challenge for providers [4] . Since Caffey's classic description of subdural hematomas (SDHs), retinal hemorrhages, and metaphyseal fractures due to 'whiplash shaken infant syndrome' [5] , decades of research and debate have ensued, leading to a policy statement by the American Academy of Pediatrics advocating for the use of the term AHT to describe inflicted injury to the head of an infant or child, whether by violent shaking, blunt impact, or both [6] . The recent literature has continued to reinforce our understanding of the epidemiology of AHT. Notable developments have been made that may aid clinicians in its early identification, accurate diagnose, and acute management. Finally, efforts continue in assessing the long-term impacts of AHT and developing effective prevention programs.
EPIDEMIOLOGY
The Centers for Disease Control and a panel of experts recently developed standardized guidelines for the use of International Classification of Disease (ICD-9 and ICD-10) codes for researchers to study the epidemiology of AHT, addressing prior inconsistencies in its definition and measurement [7] . Since their publication in 2012, these guidelines have been utilized in various studies, including a recent nationwide sample drawn from the Kids' Inpatient Database by Shanahan et al. [8] , which found an annual incidence of 33.4-38.8 cases per 100 000 children less than 1 year of age.
Using both hospital discharge and ED datasets from South Carolina for 2000-2010, Selassie et al. [9 that the incidence of AHT ranged from 28.0 per 100 000 in infants to 4.1 per 100 000 in 5-year-old children. Importantly, the authors highlight that 42% of AHT was captured from the ED data, a subpopulation that tended to be older and to have less severe injuries, emphasizing both the challenge and importance of ED providers maintaining a high suspicion for AHT.
Ortega et al. [10] compared a sample of 124 patients treated for accidental or abusive fatal injuries in two, urban pediatric EDs between 1998 and 2010. Coinciding with existing literature on nonfatal AHT, children with abusive fatal injuries were younger (11 months versus 4 years 9 months) and more likely to be seen in a clinic or ED in the prior 2 months (51 versus 5.8%), highlighting the possibility of delayed diagnoses and missed opportunities for prevention.
CLINICAL RECOGNITION
As exemplified in a recent case report by Tilak and Pollock [11] from the pediatric emergency medicine literature, patients with AHT may present with seemingly unrelated and nonspecific complaints, making its recognition and diagnosis particularly challenging. The recent literature has made important strides toward strengthening the ability of clinicians to identify AHT.
A validated clinical prediction rule among head-injured children
Having previously derived a clinical prediction rule to screen for AHT [12] , Hymel et al. [13 && ] prospectively validated the rule in a new population of 291 acutely head-injured children less than 3-years old admitted to 14 pediatric ICUs (PICUs) in the Pediatric Brain Injury Research Network. The rule included four variables: acute respiratory compromise any time prior to admission; bruising of the ears, neck, or torso; bilateral or interhemispheric subdural hemorrhages or fluid collections; and any skull fractures aside from isolated, unilateral, nondiastatic, linear, and parietal fractures. In this validation population, which excluded children injured in motor vehicle accidents and those with preexisting brain conditions, presenting with one or more of the four variables carried a sensitivity of 96% and a specificity of 43% for AHT in comparison to a priori definitional criteria for AHT and identified 98% of the 144 children ultimately diagnosed with AHT. According to the authors, this screening rule is meant to capture nearly all children who should undergo further diagnostic evaluation for potential abuse. Historical clues, such as denial of accidental or inflicted head trauma, inconsistency of the history with the child's gross motor skills, or variation in historical details over time, prompted evaluation of the three children with AHT missed by the rule.
Abusive versus accidental head trauma by head injury pattern
The body of AHT literature supports an understanding that subdural hemorrhage that is either unexplained or not related to comorbidity [such as macrocrania [14] and increased intracranial pressure (ICP) [15] ] warrants raised suspicion for nonaccidental trauma. In an effort to build upon and further clarify this literature, Roach et al. [16 & ] retrospectively reviewed the largest case series of AHT to date, 580 young children over the course of 16 years. Patients with AHT were significantly less likely than those with accidental injury to have skull fractures (22 versus 52%) and epidural hematomas (3 versus 11%) and significantly more likely to have diffuse axonal injury (14 versus 8%) and SDH (76 versus 23%). Of course, given that the child protection team likely incorporated head injury pattern into their diagnosis of AHT, it is not possible to avoid circularity of reasoning in these findings. From the emergency medicine perspective, head injury pattern can modify suspicion for AHT and guide the decision about whether or not to seek further expert consultation.
A prospective biomarker for mild abusive head trauma
Clinical prediction rules and radiologic findings that distinguish abusive from accidental head trauma rely in large part on the recognition of acute
KEY POINTS
With recent standardization of the definition and measurement of AHT, researchers continue to build our understanding of its epidemiology, outcomes, costs, and prevention, including the high rate of missed opportunities in the ED.
A validated clinical prediction rule, as well as a serum biomarker, have the potential to sharpen the ability of clinicians to recognize occult cases of AHT and initiate further diagnostic work-up.
The evidence base continues to grow toward more accurate differentiation between AHT and other diagnoses through neuroimaging and retinal findings, including the use of MRI.
AHT should be considered in children and infants with otherwise unexplained subclinical seizures, status epilepticus, and cervical spine injuries.
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head injury. However, given that AHT often presents with nonspecific symptoms, without external sign of injury, and without a disclosed history of head trauma, researchers hope that certain serum biomarkers might help identify more subtle cases of AHT just as transaminases are used to screen for occult abdominal trauma [17] . Gao et al. [18 && ] compared serum proteomic profiles of patients diagnosed with mild AHT [Glasgow Coma Scale (GCS) [13] [14] [15] who presented for the evaluation of head trauma or a neurologic symptom (e.g., vomiting, fussiness, or seizures) with those of matched controls presenting with similar symptoms but without a history of head trauma or diagnosis of brain injury. Serum amyloid A, an acute phase reactant previously identified as a potential marker of injury in hypoxic-ischemic encephalopathy and traumatic brain injury (TBI), had significantly higher mean expression among AHT cases versus controls, with impressive discriminating ability and an area under the receiver operator curve of 0.96. 
DIAGNOSTIC WORK-UP

Patterns of intracranial injury in abusive head trauma
The neuroradiologic finding of hemispheric hypodensity in association with SDH has been previously described in AHT and is known to be associated with poor outcomes [21, 22] ] compared 54 AHT victims with impact head trauma, indicated by scalp soft-tissue injury or skull fracture, with 45 AHT victims without clinical evidence of impact. Children with skull fractures had fewer hypoxic-ischemic injuries than those without fractures (33 versus 57%), but there were no other significant differences in neuroradiological or musculoskeletal findings between impact and nonimpact cases, suggesting that the determination of injury mechanism is not straightforward.
Forensic use of neuroimaging
Thomas et al. [25] studied 149 patients, less than 2 years of age, with accidental head injury. Many had skull fractures (36%), about one third of whom had thin, underlying SDH. Only two patients had isolated SDH without skull fracture. All patients who had radiologically identified parenchymal injuries, including hypoxic-ischemic, or severe neurologic sequelae had corresponding high-force mechanisms of injury, supporting the dismissal of minor mechanisms of trauma as potential explanations of severe intracranial injuries. CT and MRI have been used forensically in an attempt to determine the age of SDH in possible AHT patients. Sieswerda-Hoogendoorn et al. [26] performed a literature review of 22 studies describing SDHs on CT, and four on MRI, concluding that, at present, evidence does not support using these imaging modalities to determine the age of SDH.
Utility of MRI
In addition to the identification of cervical spine injuries and retinal hemorrhages, discussed below, the use of MRI in the diagnosis and prognostication of AHT has an expanding literature base. In their cohort of 74 children less than 36 months with head trauma, Kadom et al. [27 && ] found a significant association between bilateral hypoxic-ischemic injury pattern and AHT, hypothesized to be because of injury at the craniocervical junction resulting in apnea and hypoxia [28] . Diffusion MRI is a technique of mapping of the diffusion of molecules in tissues, with low diffusion measurements in the brain signifying tissue damage. Imagawa et al. [29] used diffusion tensor imaging in 17 infants with AHT and 34 control infants of similar postconceptual age who underwent MRI for other indications. Reduced 'axial diffusivity' was found widespread in the white matter of AHT patients compared with controls, and was worse in the patients with severe outcomes than mild/moderate outcomes, findings with potential for diagnostic and prognostic applications.
Differential diagnosis for retinal hemorrhages
It is well known that retinal hemorrhages are encountered in up to 50-100% of children who have sustained an abusive head injury [30] ; however, retinal hemorrhages are not exclusive to AHT and have previously been reported in other conditions (e.g. [14, 15] ) with varying prevalence. In a study examining a prospective cohort of over 2000 vaginal births, Laghmari et al. [31 & ] reported nearly one third of healthy newborns exhibited retinal hemorrhages. The hemorrhages tended to be few in number and localized to the optic discs and posterior pole of the retina. Furthermore, the majority of the hemorrhages had resolved within 1 week of birth and all had resolved within 4 weeks. In the nonabused critically ill child, a 15% prevalence of retinal hemorrhages has been reported, with more severe, widespread findings rarely occurring [32] . Specifically examining the critically ill intubated child, Longmuir et al. [33] reported an even lower prevalence of retinal hemorrhages; without a history of trauma, diffuse multilayered hemorrhages were not found. Understanding how retinal hemorrhages present in various clinical conditions may influence the need for further AHT investigation.
Mechanism for retinal injury and standardizing retinal findings
As demonstrated in recent experimental models by Yamazaki et al. [34] , the primary proposed mechanism for the widespread, multilayered retinal hemorrhages in children who undergo shaking with violent, rotational movements of the eyes, is that the vitreous humor exerts extreme traction on the retina, in contrast with unidirectional/blunt head trauma, which generally results in few or no retinal hemorrhages [35] . Levin et al. [36 & ] developed a web-based tool to document the various characteristics of retinal hemorrhages, in an effort to establish a universally accepted standard for recording retinal findings. The investigators reported high interobserver and intraobserver reliability among pediatric ophthalmologists. Zuccoli et al. [37] compared susceptibility weighted MRI to the dilated fundoscopic exam, the gold standard, at identifying retinal hemorrhages. The authors reported an MRI sensitivity of 83%, supporting its potential as a diagnostic tool and its utility when a dilated fundoscopic exam is not possible. In a cohort of children with suspected AHT, Longmuir et al. [38 & ] found that a quantitative measurement of the area of retinal hemorrhages was significantly higher in children with axial skeletal fractures, with signs of severe brain trauma on neuroimaging, and with definite versus possible abuse, findings which have potential medicolegal implications.
MANAGEMENT OF NEUROLOGIC INJURY
Recent publications in the neurology, orthopedics, and neurosurgery literature have emphasized the importance of early identification and treatment of the immediate neurologic sequelae that can be associated with AHT in infants and young children. ] reviewed all pediatric cases of spinal trauma diagnosed over 9 years at a level 1 trauma center. They found that 11 of 342 (3.2%) cases were caused by nonaccidental trauma and that this was tied with motor vehicle collisions as the most common mechanism among children under age 2. Eight of these children had associated head trauma. Taking a complementary approach, Kadom et al. [27 && ] reviewed 74 cases of head trauma in children less than 3 years of age in which the child abuse team became involved and both brain and cervical spine MRI were obtained. Thirty-six percent of patients were found to have cervical spine injuries, which were predominantly Update on abusive head trauma Shaahinfar et al. ligamentous but also included three patients with more severe injuries. Cervical spine injury, although seen in most patients with bilateral hypoxic-ischemic brain injury from AHT, did not distinguish between abusive and accidental head trauma. Given the high incidence of cervical spine injury in children with suspected AHT, the authors argue that its presence may be useful in differentiating between traumatic and atraumatic SDH.
Subclinical seizures and status epilepticus
Neurosurgical intervention for traumatic subdural hematoma
There is no standardized protocol for the neurosurgical treatment of traumatic SDH secondary to AHT in children younger than 2 years of age, though potential indications include signs of intracranial hypertension, large hematoma size (e.g. >10 mm), and low GCS (e.g. GCS 12). Melo et al. [43] described their own experiences treating 184 children younger than 2 years admitted to the neurosurgical PICU with traumatic SDH on CT concerning for AHT. Sixty percent underwent emergency neurosurgical intervention. Craniotomy and decompressive craniectomy were only completed in two cases, respectively, all with massive acute SDH and severe intracranial hypertension. Subdural puncture and external subdural drainage proved to provide only transient stabilization in many patients, who commonly required definitive treatment with subdural-peritoneal or subduralsubgaleal shunt.
PUBLIC HEALTH IMPLICATIONS
As with other forms of abuse and neglect, there has been ongoing research to measure the longterm impacts of AHT, which further underscores the need to develop and evaluate effective prevention efforts.
Outcomes and costs of abusive head trauma
Risen et al. [44] compared functional outcomes in 28 AHT patients with age-matched and sex-matched controls with non-AHT admitted to the same inpatient rehabilitation unit. Though the two cohorts had similar brain injuries, the AHT group had more associated injuries with the potential for neurologic sequelae, including status epilepticus. Although similar proportions of children greater than 12 months of age in both groups attained independent ambulation and expressive language by time of discharge, significantly fewer children with AHT ultimately achieved these outcomes. Drawing 1209 patients with AHT and 5895 matched controls from a nationwide health insurance claim database, Peterson et al. [45 & ] contributed significantly to our understanding of costs attributed to AHT. They found that AHT was associated with significantly greater medical service use and higher inpatient, outpatient, drug, and total cost over multiple years. They estimated that the excess cost attributable to AHT over 4 years following diagnosis was $47 952 per patient.
Primary prevention of abusive head trauma
Although most of the evidence regarding child abuse prevention centers around secondary prevention for at-risk children through home visiting programs, most publications this year related to AHT have reported on more broadly directed, primary prevention efforts conducted in the clinical setting. Simonnet et al. [46] found that a short talk and pamphlet on infant crying and AHT during 190 routine newborn examinations was feasible, acceptable, and significantly improved parental knowledge. Allen [47 & ] conducted a systematic review of 10 similar newborn interventions and described two studies, published in 2005 [48] and 2011 [49] , respectively, which were able to demonstrate significant decreases in AHT rate post-intervention. These findings suggest an important opportunity for educational interventions directed toward parents of newborns seen in the ED.
CONCLUSION
AHT is a complex diagnosis, with social, legal, and medical implications, and a 70 year, often contentious history in the medical literature [50] . With this expanding body of literature and the support of future studies, there is hope that clinicians, including those in the ED, may be more and more equipped to accurately and effectively recognize, diagnose, and manage this often occult injury. In light of the sobering costs to these children and the healthcare system, additional resources should be dedicated toward developing and evaluating effective prevention efforts. hepatic transaminases in children with concern for abuse. Pediatrics 2013; 131:268-275. 18.
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